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Advantages MBK selection process Progress Report Measured Performance
«  Lower operating voltage for a given RF power level. TheKklystron begin first-test on March 22, 2004. Pesk Power Out 9 MW
« High efficiency vs. microperveance. Thg advantages an‘d‘disauv‘an!ggs of each MBK class must be Ave. ngoms‘j 150 W
: I(‘;;ge Instla}r;tha‘r\;z;;‘banmdths. weighed for a specific application. Several additional weeks of tuning and conditioning will s: \égr‘::"f is kx
+ LowNoise. Common to most vacuum devices is the need for long operational be required before customer source inspection. B s e o
lifetimes (the exception to this rule: expendables). Efficiency 61 %
. Below are some early results showing operation at 6 MW. Frequency 1300 MHz
Disadvantages For mature products, the typical end-of-life failure mechanismis Duse Duration x b
« Difficult to focus the electron beams; high DC cathode wear-out. -

and/or RF body current.

Lower average power (Iy,).

High cathode loading (some configurations).
Brillouin focusing.

Uniform magnetic focusing field.

Sability.

There are 2 classes of MBK’s*
Higher Order Mode

Fundamental M ode
(Hybrids)
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Fundamental Mode (FM) MBK

Advantages
« Largeinstantaneous bandwidth (TM,,).
+ Low Voltage

Disadvantages

+ High cathode loading (TM,).

«  Beams confined by ~A,/4 in diameter (TM,,) or
radial extent (TM,, Coaxial); singly convergent.

« Beaminteracts with high rf magnetic fields.

Higher Order Mode (HM) MBK

Advantages

« High-voltage, high-power operation.

«  Low cathode loading; beam area convergence
free of A,/4 constraint.

Disadvantages

« Increasingly difficult to focus beams as you move

away from geometric centerline.

Electron gun complexity, cost (offset... by J.).

« Narrow-band as a result of the over-moded rf
structures used.

+1) Edward A, Gelvich, NRL 2001
2) A Review o the Development of Multple-Boam Klystrons and TWT's, G
Nusnovich, B. Levush, D, Abe, NRLIMR/310-038673

Al things being equal, a good starting point is to determine the
desired life of the device, which relates directly to cathode loading.

STEP 1: What'simportant?

Primary
Consideration First look
Bandwidth FM-MBK
High Power Depends... 2" Consideration
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Maximum Life oy HM-MBK

STEP 2: Where do we want to operate?
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STEP 3: What constraints do we need to consider ?

FM-MBKSs (TMy, in particular) are constrained by cathode loading,
HM-MBK’s are not, because:

*RF cavity design for the FM-MBK require the beam-cluster to fall
within a circle of approximately A,/4.

+Singly-convergent guns must have concentric cathodes and drift
tubes.

Recognizing this, the best-case cathode loading for a given current
and frequency can be computed.

_steL,1?

N
A W JA. Tn &
4

for 19 beams 19/25...

Jc

STEP 4: Evaluate

FM MBK approach
for TESLAwould
require cathode
loading greater than

7 Alen.

Our goal wasa
design with 2 Alcr?.
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STEP 5: Select
CPI recommends the HM-MBK approach.
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Modeling and Simulation

Operating parameters

Anumber of design codes were used to model the Peak Power Output 10 MW (min)
performance of the VKL-8301 MBK. Ave. Power Output 150 KW (min)
Beam Voltage 114 kv (typ)

. . Beam Current 131 A(yp)

Electron Beam Simulation RF Interaction Efficiency 65, 67 % (typ, goal)
CPI'sXGUN 25D CPI'sLSCEX 1D Frequeny 3 GHz
Michelle 3D CPI's TWODRF 2D Dl Duraen b o

TS3-MAFIA 3D Number of Beams 6
Magnetostatics Simulation Number of Cavities ~ 2+3+1 HOM, fund, harm.
: . Focusing CFF

Poisson 2D Thermo-mechanical Cathode loading 25 Alen? (typ)
S3—MAFIA 3D Ansys 2D and 3D Solenoid Power 4 KW (typ)
Length 2300 mm (typ)

Maxwell 3D Diameter 560 mm (typ, gun;

To theright are some examples of our modeling and simulation results...

3D electron gun simulation
MICHELLE

Beam trgjectories
Potential contours
Cut plane at x=0

End-on view of beam
In drift tube.

3D RF cavity design
MAFIA
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